We determined the internal rotation barrier V 3 = 3.285 kcal/mol (13.74 kJ/mol) and the moment of inertia Ix = 3.184 amuÄ2 of the methyl groups from the ground state microwave spectrum of 2-fluoropropane. Additionally the rotational constants, the quartic and some sextic centrifugal distortion constants are reported. The analysis of the Stark effect leads to the dipole moment 1.958 D.
The internal rotation of two top molecules has been studied extensively [1] but for 2-fluoropropane micro wave spectroscopy provided only an approximate val ue of the internal rotation barrier V3. As the internal rotation fine structure of the ground state was not resolvable with conventional Stark spectroscopy, Griffth et al. [2] determined the barrier from the first excited states vv' = 01 and vv' =10 with the assump tion of a certain molecular structure and neglection of top-top interactions. With the aid of microwave Fou rier transform (MWFT) spectroscopy [3] we resolved the fine structure of the ground state vv' = 00. In this state no top-top interaction is present. As further the torsion-vibration interaction is at its minimum, the ground state internal rotation analysis should lead to more reliable results.
For this molecule, far infrared spectroscopy con tributed partly to barrier determinations, since the absorption of 2-fluoropropane in this spectral region is very weak [2, 4, 5] . Only Dew [6] was able to deter mine the barrier using this technique.
The molecular structure obtained from a joint analy sis of gas electron diffraction data and microwave moments of inertia by Kakubari et al. [7] and the com bined rs/r0-structure of Saito [8] proved to be impor tant for our study.
The sample of 2-fluoropropane was prepared ac cording to the procedure of Edgel and Parts [9] and purified by vacuum distillation. The spectra were recorded in the frequency range from 5 to 36 GHz using MWFT spectroscopy [10] [11] [12] [13] [14] . The pressure was kept below 0.1 Pa (0.8 mTorr) and the temperaReprint requests to Prof. Dr. H. Dreizler, Abteilung Chemi sche Physik im Institut für Physikalische Chemie der Christian-Albrechts-Universität, D-2300 Kiel. Olshausenstraße 40. F.R.G. ture between 220 and 250 K. The analysis of the nar row multiplets was refined by a lineshape analysis [15] . The frequencies of a part of the transitions are given in Table 1 . A complete list has been deposited under number TNA 13 at the Universitätsbibliothek of the University of Kiel. An example of the measured spec tra is reproduced in Figure 1 . The resolved transitions appeared always as triplets, i.e. the internal rotation components AE and EA remained degenerate.
The internal rotation and centrifugal distortion were treated independently. An iterative procedure resulted in standard deviations of the respective least squares fits close to the experimental uncertainty. We included unsplit lines and multiplets in the sixth order centrifugal distortion analysis according to the Wat- son A-reduction [16, 17] . In the latter case we used the internal rotation parameters to calculate the devia tions from the hypothetical unsplit lines. We sub tracted these deviations from the observed frequencies in Table 1 a and evaluated the hypothetical unsplit lines as an average. A part of the lines used for the centrifugal distortion analysis is given in Table 1 b.
The results of the analysis are summarized in Table 2 .
The sextic centrifugal distortion constants <P} and < f> } were restricted to zero because they could not be de termined from the transitions within the frequency range of our spectrometers. Besides Q-branch transi tions there exist only R-branch transitions of low J values in the range. We propose a further investigation in the millimeter wave region for completion of the analysis.
The rotational and quartic centrifugal distortion constants were used as fixed values in the internal rotation analysis according to the internal axis me thod (IAM) of Woods [18, 19] . The angles between the internal rotation axes i and the inertia axes a, b, c of the molecule were insensitive to the observed splitt ings and could not be determined. We calculated them using the rs-parameters of the methyl groups r (C -H) = 1.092(9) Ä, * HCH =108.9 (12)° (mean values) and the r0-parameters r (C -F ) =1.407 (5) Table 3 .
As expected, the barrier due to internal rota tion V3 -3.285 kcal/mol is somewhat higher than V3 = 3.166 kcal/mol of propane [20] . The moments of inertia Ix = 3.184 amuÄ of the IAM analysis and 3.182 amuÄ2 resulting from the rs parameters of 2-fluoropropane are almost the same, whereas the joint analysis of diffraction data and moments of iner tia [7] leads to 7a = 3.45 amuÄ2, which is unusually large.
For further comparison we quote the effective bar rier of related molecules investigated by far infrared (FIR), Raman (Ra) spectroscopy and neutron incoher ent inelastic scattering (NIIS) in Table 4 . The effective barrier corresponds to the energy required to rotate one top about 60° from the equilibrium position. With exception of the earlier results affected with large er rors the data appear in correct order of magnitude and sequence. The microwave barriers are somewhat smaller than those from FIR/Ra investigations. However we do not expect exact agreement. The dif ferences might arise from structural assumptions, that have to be made especially for the evaluation of FIR/Ra spectra, whereas the structural parameters can be obtained from the microwave spectra in fa vourable cases like propane. On the other hand the coupling parameters belonging to the domain of FIR/Ra spectroscopy are difficult to treat in micro wave spectroscopy [25] .
We reinvestigated the Stark effect of the rotational spectrum of 2-fluoropropane. A typical set-up of the spectrometer for this experiment is given in [26] . Com pared with a normal X-band cell the measurements required an increased number of averaging cycles due to the higher attenuation of the Stark cell. The calibra tion was accomplished with the OCS transition J -J' = 1 -0 using the dipole moment 0.71519(3) D [27] ,
The analysis of the experimental splittings was performed by diagonalizing the energy matrix [28] , since this led to more accurate results than the usual second order perturbation treatment. The deter mined components \pib\ = 1.880(1), = 0.547 (1) and pi = 1.958(1) D are more accurate than the values obtained by conventional Stark spectroscopy [2] . The dipole moment is aligned nearly parallel to the C -F bond in the be plane. The direction of the dipole moment vector is not deducable from our measure ments since the sign of the components is unknown. A CNDO/2 procedure [29] with the quoted struc ture as input predicts pib = 2.01, pic = -0.58 and pi = 2.09 D and the direction shown in Figure 2 . We gratefully acknowledge the help of Professor Dr. S. Saito of Nagoya University, who provided the molecular structure. The work was supported by the Deutsche Forschungsgemeinschaft and the Fonds der Chemie. The calculations were performed at the com puter center of the University Kiel.
